, substrate and La (tan), Pr (light brown), Nd (brown) and Lu (green). Right: Optimized Structures for the active center with PQQH 2 and La (tan), Sm (grey), Eu (blue) and Lu (green) -Images generated with the UCSF Chimera package.
[1] Structure optimizations were similar to a procedure described by Schelter et al. [2] and performed using Gaussian 09 [3] and the B3LYP functional with the 6-31G(d) basis set for C, H, N, O. [4] [5] [6] [7] [8] [9] Starting point was the crystal structure of the known Ce-MDH (PDB 4MAE). [10] The present amino acids in the active site were truncated and the terminal carbon atoms, as well as all of the PQQ-atoms were frozen, to mimic the sterics imposed by the protein. The present polyethylenglycol was truncated as well and used as a substrate-model. The cerium atom was then exchanged with every Ln in the series. Quasi relativistic effective core potentials (ECP) and segmented basis sets were used for the central metal: ECP-MWB46+4f n . [11] [12] [13] Calculations were performed with 11 outer sphere electrons, as pseudo-singlets (f-electrons included in ECP) and restricted closed-shell calculations. 14 Calculations were conducted in the gas phase. For additional active site calculations, the truncated polyethylene glycol residue was manually removed, and/or the PQQ-quinone part was manually converted to the quinol. For simplification, the added quinol protons were frozen as well in their position. In case of Gd, the Harris functional was not able to form the initial guess, therefore the core Hamiltonian was used instead, using "guess=(core,always)". None of the calculations showed negative frequencies.
Figure S3
Example input for Gaussian optimizations (in this case La 3+ PQQ with substrate). -1 denotes a frozen carbon atom.
%chk=57-LaIII-PQQ-with-Substrate.chk %mem=64GB %nprocshared=4 #p opt freq rb3lyp/gen geom=connectivity 5d 7f pseudo=read La(III) -PQQ -with substrate 0 1 C -1 -4.90400000 3.34400000 3.52500000 C 0 -4.43100000 2.75000000 2.21200000 O 0 -5.31600000 2.48300000 1.32700000 O 0 -3.21300000 2.47700000 2.02300000 C -1 -7.59200000 1.55900000 -2.75400000 C 0 -6.78400000 1.98800000 -1.55100000 O 0 -5.53400000 1.90100000 -1.57100000 N 0 -7.44100000 2.47100000 -0.49176943 C -1 -7.57000000 -2.04200000 0.45144469 C 0 -6.14900000 -1.61500000 0.75161945 O 0 -5.81500000 -0.46701986 0.29292243 O 0 -5.39000000 -2.35900000 1.42100000 C -1 -3.16200000 -0.96440872 -4.27600000 C 0 -3.96500000 -0.84870079 -2.97500000 O 0 -5.10800000 -1.31100000 -2.91900000 O 0 -3.34000000 -0.27056742 -1.98200000 N -1 3.33000000 -0.81662988 1.47900000 C -1 3.61300000 -2.05900000 1.97300000 C -1 5.01500000 -2.49400000 2.20800000 O -1 5.88200000 -1.54200000 1.91200000 O -1 5.26800000 -3.61500000 2.62500000 C -1 2.41800000 -2.74800000 2.13600000 C -1 1.39400000 -1.87800000 1.71500000 C -1 1.99200000 -0.65850047 1.29400000 C -1 -0. 44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65  66  67  68  69 8 Table S3 Calculated bond lengths and angles of the structure optimizations for Ln 3+ with reduced PQQH 2 and substrate as described in Figure S2 . Example structures of the La
3+
and Lu 3+ calculations are given above. Table S4 Calculated bond lengths and angles of the structure optimizations for Ln 3+ with reduced PQQH 2 and without substrate as described in Figure S2 .
Example structures of the La 3+ and Lu 3+ calculations are given above. Figure S2 -S3 is given in dark blue. An open shell calculation, using the smaller ECP-MWB28 [11] [12] [13] and taking the f-electrons into account is given in blue and a calculation, taking solvent effects into account, by using the CPCM method with water, is given in light blue. Input commands for the calculations are given below. The structures received from the calculations only differ slightly, with an exception of Asp301, which is tilted away under the influence of the solvent model (light blue). Since all calculations show the same coordination number -the property of interest -the simplified, "regular" calculations described above were used for every Ln and active site configuration. None of the calculations showed negative frequencies.
Figure S6
Example inputs of the calculations described in Figure S2 . Left: Open shell calculation, using the smaller ECP-MWB28. Right: Closed-shell calculation, considering solvent effects by the use of CPCM with water.
Eu (ECP-MWB28)
#p opt freq ub3lyp/gen geom=connectivity 5d 7f pseudo=read 0 7
Atomic coordinates and geometry specifications as in . Calculations were performed exactly as the "regular" ones described in Figure S2 -S3, but with all amino acid residues set to unfrozen. An example input command for the La 3+ calculation is given below in Figure S8 .
Both Eu and Lu calculations only differ slightly from the regular ones. Glu172 and the substrate almost keep their position, while Asn256, Asp299 and Asp301 are shifted more significantly from their position. The unfrozen La calculation differs strongly from the regular one, with all amino acids, central metal and substrate rearranged. However, the coordination number for all three calculations does not differ from the respective regular calculation. The coordination number is therefore not forced by the frozen amino acids but only by the varying properties of the Ln. None of the calculations showed negative frequencies. 44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65  66  67  68  69 Electronic-structure calculations were performed with Gaussian 09 and exactly as described by Schelter et al. [2] The B3LYP functional with the 6-31G(d) basis set was used for C, H, N and O. 28 electron quasi relativistic effective core potentials (ECP) and segmented basis sets were used for each central metal respectively (La, Ce, Lu): ECP-MWB28. [11] [12] [13] Starting point of the geometry optimization was the active site of the crystal structure of Ce-MDH isolated from SolV (4MAE). [10] The present amino acids in the active site were truncated and the terminal carbon atoms were frozen, to mimic the sterics imposed by the protein. The present polyethylenglycol was truncated as well and used as a substrate-model. The conductor-like polarizable continuum model (CPCM) was used for water, with the default settings for the universal force field (UFF) and a dielectric constant of 4, to reproduce the interior of the protein and the active site pocket. The charge and multiplicity for the quinone PQQ 0 state were set to "0 1" for La and Lu and to "0 2" for Ce. The additional electron for the semiquinone PQQ •− state was taken into account, by changing the system to "−1 2" for La and Lu and to "−1 3" for Ce. None of the calculations showed negative frequencies. All structures differed only slightly, by changing the central metal or the PQQ state. The PQQ ligand moved closer to the central metal, especially in case of Lu, probably due to the decreased ionic radius. In contrast to the simplified calculations described in Figure S2 -S3, Asp301 remained monodentate for all calculations and therefore the overall coordination number did not change over the exchange of La to Ce or Lu. Since the simplified system given in S2 was also calculated with a smaller ECP and solvent effects as described in Figure S5 , the binding mode of Asp301 is probably influenced during the optimization by the larger hydrogen bond network due to the additional amino acids and the change of the dielectric constant to 4. 13.9024000 1.0 P 1 1.00 4.2361000 1.0 P 1 1.00 2.2936000 1.0 P 1 1.00 1.1258000 1.0 P 1 1.00 0.5279000 1.0 P 1 1.00 0.2292000 1.0 P 1 1.00 0.0800000 1. Figure S9 . In all cases, the LUMO of the PQQ 0 species and the HOMO of the PQQ •− species seem to be the same PQQ related orbital. 
